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1 Introduction

In the RAN1#74bis meeting, it is agreed that further performance evaluation and alignment of reference schemes are needed for small cell scenarios, in order to align the simulation results for CoMP-NIB schemes and make the conclusion for CoMP-NIB study item [1]. 
In this contribution, general considerations on inter-eNB signaling design are discussed first, and then coordinated scheduling/beamforming (CS/CB) schemes tailored for Rel-12 CoMP-NIB are discussed. Potentially required signalling for inter-eNB operation for CoMP-NIB and physical layer impact is also analyzed. 

2 Considerations on inter-eNB signaling design
It is reasonable that the potential CS/CB schemes which show performance gains over reference schemes should be determined first, before discussing the necessary inter-eNB signaling to support such CS/CB schemes. Moreover, in addition to performance gains, the signaling requirements also need to be jointly considered when down-selecting the potential CS/CB schemes to be specified as CoMP-NIB schemes supported by Rel-12. In a word, RAN1 should decide which CS/CB schemes need to be supported by Rel-12 based on performance gains and signaling requirements. The discussion on signaling requirements for inter-eNB operation in RAN1 should focus on what information may need to travel from/to eNB, and the path of information flow in the network is up to RAN3 if RAN1 decides that information needs to travel from/to eNBs. 
Proposal 1: RAN1 discussion should be restricted to the needed information (if any) exchange between eNBs for the down-selected CoMP-NIB scheme(s).
3 Discussion on CS/CB schemes

Ideal backhaul is assumed for the CoMP schemes specified in LTE Rel-11 CoMP WI. As for CoMP-NIB in Rel-12, various backhaul latency values ranging from very low (e.g. 2 ms) to very high (e.g. 50 ms) shall all be taken into account. In other words, Rel-12 CoMP-NIB schemes should provide robust performance gain(s) for various backhaul latencies. 

Coordinated scheduling implies that time-frequency-power resources are coordinated between transmission points. The time scale for coordination could be dynamic or semi-static, depending on the latency as well as bandwidth of backhaul. It should be noted that dynamic point blanking, as a special case of CS was already specified in Rel-11 CoMP WI. Extended dynamic point blanking (EDPB) scheme from Rel-11 to any time scale for various backhaul requirements seems a good candidate scheme for Rel-12 CoMP-NIB. More details about EDPB can be found in Appendix 1.
Coordinated beamforming on the other hand implies that space resources (beam directions) are coordinated between transmission points. Some CB schemes such as CBS (Coordinated Beam Switching) and CBB (Coordinated Beam Blanking) were proposed in Rel-11 for non-ideal backhaul scenarios [3][4][5][6]. These CB schemes were not specified in Rel-11 due to the prioritization of ideal backhaul scenario. These CB schemes are also deemed to fit well the case of CoMP-NIB. More details about CBS and CBB schemes can be found in Appendix 2.
Inter-eNB CoMP specification in CoMP scenario 2 should proceed after the confirmation of significant gain over intra-eNB CoMP. The simulation results in our companion contribution [8] have proved that CoMP scenario 2 is not an attractive scenario for CoMP-NIB study compared to small cell scenario, so CoMP scenario 2 should have lower priority for CoMP-NIB study than the other two small cell scenarios. 
Proposal 2: CoMP scenario 2 should have lower priority than the other two small cell scenarios in CoMP-NIB study.
Proposal 3: Extension of dynamic point blanking to any time scale should be supported in Rel-12

Proposal 4: Consider enhancements of network-side coordination and signalling to support coordinated beamforming (including CBS/CBB) with non-ideal backhaul.
4 Discussion on inter-eNB signalling
In section 3, three CoMP-NIB schemes are discussed including extension of dynamic point blanking, CBS and CBB. In this section, inter-eNB signalling supporting these 3 CoMP-NIB schemes is discussed.
4.1 Inter-eNB signalling supporting extension of dynamic point blanking

As discussed in section 3 and Appendix 1, the following inter-eNB signalling is needed for supporting extension of dynamic point blanking:
· UE related information from small cells to macro cell for power allocation determination. The information includes CSI, RSRP and historic data rate information.

· Power allocation information of a set of cells from macro cell to small cells for CQI recalculation and scheduling decision.
4.2 Inter-eNB signalling supporting CBS

As discussed in section 3 and Appendix 2, the beam patterns are semi-statically configured and exchanged among the coordinated cells over the backhaul. Therefore, the following inter-eNB signalling is needed for supporting CBS:
· Subframe/PRB pattern information, such as beam cyclic periods, where the beam(s) are fixed in each cell should be exchanged among the coordinated cells.
4.3 Inter-eNB signalling supporting CBB
As discussed in section 3 and Appendix 2, the backhaul link needs to support the transmission of macro cell’s beam pattern to the small cells (so that the small cells can configure victim UE’s measurement and reporting accordingly), and transmission of long-term CSI information from small cell to macro cell. So the following inter-eNB signalling is needed for supporting CBB:
· Long-term CSI information measured by victim UEs from small cell to macro cell for determination of macro cell’s beam pattern
· Macro cell’s subframe/PRB pattern information where the blanked beam is present from macro cell to small cells for small cells scheduling its UEs
4.4 Summary of inter-eNB signalling supporting CoMP-NIB schemes
In summary, in order to support CoMP-NIB schemes such as extension of dynamic point blanking, CBS and CBB, some inter-eNB signalling should be specified. We have the following proposal for inter-eNB signalling:

Proposal 5: the following inter-eNB signalling should be specified for supporting CoMP-NIB schemes:
· CSI, RSRP and historic data rate information of UEs
· Power allocation information of coordinated cells

· Subframe/PRB pattern information where the blanked beam or fixed beams are present
5 Physical layer impact

Although the scope of CoMP-NIB SI only focuses on signalling for inter-eNB operation, we observed potential physical layer impact from this study item. 
From the above discussion, as one of the important information, RSRP should be measured and reported by UE for CoMP-NIB schemes. In order to better support CoMP-NIB schemes, enhanced RSRP feedback of neighbouring cells should be studied, e.g., enhanced RSRP measurement and feedback to reflect short term received power from each cell in each sub-band, from which interference among coordinated cells can be inferred. Moreover, in CoMP Scenario 4, RSRP cannot be accurately measured by CRS and it will affect the performance of CoMP-NIB schemes. Therefore, we propose to measure RSRP based on CSI-RS, i.e. CSI-RSRP.

Proposal 6: Enhanced RSRP feedback such as short-term RSRP and CSI-RSRP should also be studied in CoMP-NIB SI.
6 Conclusion

In this contribution, the inter-eNB signalling for supporting CoMP-NIB is discussed. Consideration on inter-eNB signaling design and several coordinated scheduling/beamforming (CS/CB) schemes with non-ideal backhaul are discussed. Then, the required signaling for these candidate schemes and potential physical layer impact are also provided. The following are proposed:
Proposal 1: RAN1 discussion should be restricted to the needed information (if any) exchange between eNBs for the down-selected CoMP-NIB scheme(s).
Proposal 2: CoMP scenario 2 should have lower priority than the other two small cell scenarios in CoMP-NIB study.
Proposal 3: Extension of dynamic point blanking to any time scale should be supported in Rel-12

Proposal 4: Consider enhancements of network-side coordination and signalling to support coordinated beamforming (including CBS/CBB) with non-ideal backhaul.
Proposal 5: the following inter-eNB signalling should be specified for supporting CoMP-NIB schemes:

· CSI, RSRP and historic data rate information of UEs
· Power allocation information of coordinated cells

· Subframe/PRB pattern information where the blanked beam or fixed beams are present
Proposal 6: Enhanced RSRP feedback such as short-term RSRP and CSI-RSRP should also be studied in CoMP-NIB SI.
References

[1] Chairman's Notes RAN1#74bis, Guangzhou, China, October 7-11, 2013.
[2] 3GPP TR 36.819 V11.1.0, “Coordinated multi-point operation for LTE physical layer aspects (Release 11)”, December, 2011.
[3] R1-093833, “System Performance Comparisons of Several CoMP Schemes”, Huawei, Miyazaki, Japan, October 12-16, 2009.
[4] R1-093834, “Backhaul Issues and its Practical Evaluation Methodology for DL CoMP”, Huawei, Miyazaki, Japan, October 12-16, 2009.
[5] R1-112896, “Framework for multi-point CSI feedback enhancements for CoMP”, Huawei, HiSilicon, Zhuhai, China, October 10-14, 2011.

[6] R1-114095, “Downlink coordinated beamforming utilizing resource-restricted measurements”, Huawei, HiSilicon, San Francisco, USA, November 14-18, 2011.
[7] R1-132411, “Coordinated scheduling and beamforming with non-ideal backhaul”, Huawei, HiSilicon, Fukuoka, Japan, May 20-24, 2013.
[8] R1-134912, “Performance evaluation of CoMP with non-ideal backhaul”, Huawei, HiSilicon, Guangzhou, China, October 7-11, 2013.
Appendix 1: Extension of Dynamic Point Blanking
The procedure of extended dynamic point blanking for CoMP-NIB in heterogeneous network is illustrated as follows, 

1st step: UE measures CSI-RS and IMR (Interference Measurement Resource) and reports short term CSI with the configuration of only serving cell is ON and the other neighbouring cells within coordination set are OFF; UE measures and reports short term RSRP (Im) of all neighbouring cells (with index m) , and the serving cells short term RSRP I0.  Feedback reports are sent to the serving cell.
IMR is supported by Rel-11 UE in transmission mode TM10. Instantaneous interference measurement can better reflect the interference situation of UE within short time duration. 
2nd step: Macro cell collects CSI, RSRP and UE historic data rate information from the cells involved in the coordination.
3rd step: Macro cell computes the utility metric of a set of cells to determine the optimal power allocation.

The utility of a set of cells is maximized, as shown in the following formula, where the utility metric is based on PF metrics:
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4th step: Macro cell sends the recommended power allocation results to the set of cells

5th step: Each individual cell within the set conducts localized scheduling (space/time/frequency resource allocation for users) with link adaptation compensation (CQI recalculation and MCS adjustment based on the power allocation recommended by the macro cell)
Note: Group 1 information includes power allocation information. Group 2 information includes short term RSRP information, CSI and UE historic data rate information.
In 5th step, MCS is adjusted at each cell according to the power allocation. The following gives an example of the MCS adjustment process:
a) UE reports the short term CSI to serving cell. This short term CSI calculated with the configuration of only serving cell is ON and all neighboring cells within the coordination set are OFF, so the SINR of the serving cell is given as
[image: image4.wmf]0

sevingcell

S

SINR

N

 

=

.

b)  The short time RSRP of neighboring cell (with index m) measured and reported to serving cell by the UE is
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c)  The final SINR adjusted based on the power allocation pattern can be obtained by         
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 , assuming S=I0, and N0 can be calculated by 
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d)  The scheduler uses 
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for the MCS selection and scheduling the UE.
In case the backhaul latency is small enough, extension of dynamic point blanking to any time scale converges to dynamic point blanking specified in Rel-11. 

Appendix 2: CBS/CBB
In CBS [7], each cell determines its own beam cyclic period/pattern and schedules the UE to its preferred beam(s) in the pre-defined beam position. This is an effective method to alleviate the flashlight effect and it may work well in a small cell network where the interference from the neighbouring cells is more random and severe. The beam patterns are semi-statically configured and exchanged among the coordinated cells over the backhaul. As no dynamic information needs to be exchanged over the backhaul, CBS is suitable for CoMP-NIB and should be considered as a candidate scheme for CoMP-NIB SI.
In CBB [7], an interfering cell performs interference avoidance in the spatial domain towards the cell edge UEs of another cell over the time-frequency resources semi-statically configured for CBB. This can be viewed as the interfering cell sending a blank beam towards victim UEs and hence the name CBB. The beam pattern exchange over the backhaul is needed only semi-statically. Performance benefits of CBB for the CoMP scenarios were provided in [4]. To perform CBB, the interfering cell can utilize the relevant long-term statistical information (e.g., long-term CSI) concerning its interference toward the victim UEs, which can be obtained via the backhaul link. The faster the backhaul is, the more frequent the long-term CSI may be exchanged, and the more dynamic the spatial domain interference avoidance may be done. Therefore, CBB can be applicable to various cases with backhaul connections ranging from ideal/fast backhaul to slow backhaul, and should be considered for CoMP-NIB studies.
CBS/CBB has very low requirements on backhaul connections, and they may be able to flexibly utilize what the backhaul connection can offer. If a backhaul connection with a lower latency is available, faster coordination is possible and hence better performance may be obtained. Most of the physical layer components needed for CBS/CBB are already included in the existing framework of CS/CB as described in TR 36.819 [2] and any addition is considered as minor (see [6] for a detailed discussion).
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